We estimate the causal impact of school and classroom gender composition on achievement. We take advantage of the random assignment of Korean middle school students to single-sex schools, coeducational (coed) schools with single-sex classes, and coed schools with mixed-gender classes. Male students attending single-sex classes within coed schools score 0.10 of a standard deviation below male students in mixed-gender classes, and this achievement gap is entirely accounted for by classroom gender composition. Conversely, male students attending single-sex schools outperform their counterparts in mixed-gender classes by 0.15 of a standard deviation. The significant impact of single-sex schools on male students' achievement are not driven by classroom gender composition, but largely accounted for by increases in student effort and study-time. We find little evidence that classroom or school gender composition affect the outcomes of female students.
Introduction
1 See, for instance, Weil's March 2008 New York Times article ("Teaching Boys and Girls Separately"), Hollingsworth and Bonner's July 2012 article in the Christian Science Monitor ("Why single-sex education is spreading across the US"), Morello's Indiana Public Radio May 2014 report ("The Great Gender Debate: Should Boys and Girls Learn Separately?"), and the American Civil Liberties Union's complaint filed against the U.S. Department of Education in May 2014 that single-sex schooling in Florida violates Title IX prohibitions on sex discrimination in federally funded education programs.
We find significant impacts of peer gender composition on male students' achievement but no effect on female students' performance. Male students in coed schools with single-sex classes perform the worst, scoring over 0.10 of a standard deviation below male students in balanced-gender classrooms. Conversely, assignment to a single-sex school maximizes male students' achievement, with students scoring 0.15 of a standard deviation above their counterparts in coed classrooms.
To our knowledge, ours is the first paper to identify the causal impact of assignment to a single-sex class relative to a single-sex school.
2 We show that class-and school-based gender segregation yield significantly different outcomes for male students. In our setting, using variation in the gender composition of coed classes provides an accurate prediction of the negative impact of assignment to a single-sex classroom within a coed school, suggesting that it may be appropriate to use results from existing studies, such as Hoxby (2000), to approximate the impact of the recent expansion of single-sex classes in the United States. However, our results suggest that estimates from research examining the impacts of single-sex schools will not accurately predict the effect of single-sex classrooms within a mixed-gender school.
We show that increases in study time and effort account for approximately 60 percent of the positive impact of attending a single-sex school on male students' achievement. Male students in single-sex schools are significantly more likely to report being focused on lectures, participating in classroom activities, and preparing in advance for class relative to male students attending coed schools. Male students in single-sex schools report spending more than an additional hour per week on homework and extra curricular tutoring relative to their peers in coeducational settings.
One explanation for why single-sex instruction benefits male students in single-sex schools while harming them in coed schools is that teachers and schools are able to specialize when they teach only male students. In
Korean middle schools, while students remain with their assigned classroom, they are instructed by multiple teachers. Thus, teachers in coed schools with single-sex classes instruct both all-male and all-female classes, limiting their ability to adopt techniques, such as teaching style and disciplinary methods, that may best serve students of a given gender. Our findings suggest that, if such specialization exists, it is able to increase achievement by inducing male students to exert more effort towards academic tasks. Although we cannot provide direct evidence of these channels, our findings do suggest that the gains from altering classroom gender composition are not zero-sum if single-sex schooling is an option.
Our paper contributes to an extensive literature on within-school gender peer effects. 3 In the first study to 2 Strain (2013) examines impact of single-sex classrooms in the context of a coed school using variation in the availability of single-sex math and reading classes in North Carolina elementary and middle schools in a differences in differences framework. Although the author estimates significant negative impacts of single-sex classes on achievement for students of both genders, placebo tests indicate a correlation between period t test scores and period t + 1 treatment, suggesting that the implementation of single-sex classrooms is correlated with unobservable factors that are not fully captured by school, year, and grade fixed effects.
3 Sacerdote (2011), Epple and Romano (2011), and Sacerdote (2014) summarize research on peer effects in education.
take advantage of quasi-experimental variation in classroom gender composition, Hoxby (2000) uses withinschool, across-cohort idiosyncratic variation in the share of female elementary and middle school students and estimates that students of both genders have lower performance when they have fewer female classmates.
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Lavy and Schlosser (2011) use both cross-cohort and within-student variation in cohort gender composition and find similar negative impacts of an increase in the share of classmates that are male. Furthermore, by examining impacts of classroom gender composition on students' own behavior and the behavior of classmates, the authors provide evidence that the positive impact of female-heavy classes stems from a reduction in the probability of disruptive behavior in classes with fewer male students, rather than changes in students' own behavior due to peer gender. 5 Using the random assignment of elementary students to classrooms in the Project STAR experiment, Whitmore (2005) finds that an increase in the share of female students raises achievement of male and female students, but only in lower grades. Lu and Anderson (forthcoming) examine within-class peer effects in China and find that female middle school students who are randomly assigned to sit near more female students earn higher test scores.
We also contribute to the literature examining the impacts of single-sex schooling. 6 Jackson (2012) uses variation in assignment to single-sex secondary schools in Trinidad and Tobago (conditional on demand for single-sex schooling) in a instrumental variables framework. His results suggest that that, while the marginal male student does not benefit from attending an all-male school, the marginal female student with strong preferences for single-sex schooling earns higher test scores but takes fewer science courses. Most similar to our paper's setting, Park et al. (2013) and Choi et al. (2014) estimate the impact of random assignment to coed and single-sex high schools in Seoul on college entrance exam performance. Park et al. (2013) estimate a random effects model while Choi et al. (2014) include district fixed effects and allow for heterogeneous impacts of single-sex schooling across districts; both studies find a positive impact of single-sex schooling on male students' achievement. Different from these two studies, we examine student effort and time use, as well as teacher and peer effort, which provide information on the mechanisms through which peer gender affects academic achievement. Furthermore, our empirical setting allows for a cleaner identification than the high school setting these two papers exploit, because at the end of their initial year, high school students must choose a track, which could be affected by gender peer effects, and the scoring of college entrance exams is not comparable across tracks.
Our findings have implications for public policy outside of Korea. Many countries have publicly funded single-sex schools. Since the U.S. Department of Education relaxed restrictions on single-sex education in 2006, public schools have been allowed to separate male and female students into single-sex classrooms and schools. According to the National Association for Single Sex Public Education, an advocacy program for single-sex schooling, as of 2012, over 500 U.S. public schools contained single-sex programs, and close to 400 of these involved single-sex classrooms within coed schools. 7 In reference to the 2006 policy change, Halpern et al. (2011) assert that "there is no well-designed research showing that single-sex (SS) education improves students' academic performance..." We believe our study fills this gap by providing a nuanced view of the potential benefits of single-sex schooling.
The remainder of our paper proceeds as follows: in Section 2, we describe middle schools and students in Korea. Section 3 discusses our data and sample and in Section 4, we describe our empirical approach. We present estimates of the impact of school and classroom gender composition on the achievement of male and female students in Section 5, while in Section 6, we discuss how evidence from survey data on student time use and student, peer, and teacher effort can inform our understanding of the mechanisms through which school and classroom gender composition affects achievement. Section 7 concludes.
Setting
We focus on middle school students in the Seoul, South Korea metropolitan area, which provides an ideal setting for identifying the causal effect of peer gender on student outcomes for several reasons. First, due to South Korea's "Equalization Policy", elementary and middle school students are randomly assigned to a school in their district, and students are not allowed to submit preferences over schools during the assignment process. 8 Compliance with random assignment is high, because the only way for to avoid assignment to a specific school is through a student's entire family moving to a different district. Even if a student's family moves to another school district, he or she is still subject to random assignment. The central government's education policies, including the random assignment rule, apply to almost all schools except for a small number of specialized schools (mostly for arts and athletics) supervised by the government with separate regulations. 9 Therefore, we observe the vast majority of middle school students and their outcomes. Furthermore, almost all school districts in Seoul contain single-sex schools, coed schools with single-sex classes, and coed schools with mixed-gender classes. Seoul has 11 school districts, which contain approximately 370 middle schools. Roughly 30 percent of these schools are single-sex and around 7 percent are coed schools that separate male and female students into single-sex classes.
Second, within schools, students have no choice over the peer group with whom they are required to spend the majority of their time at school. Students are assigned to classes, called "Bahns", of approximately 34 students. Following Korea's "Equalization Policy," the assignment process equalizes prior achievement across Bahns (Kang 2007). Therefore, our setting provides us exogenous variation in peer gender composition in mixed-gender classes, while holding the average quality of peers constant.
10 Each Bahn has a homeroom teacher, who is in charge of keeping track of students' performance, while subject teachers visit the classroom throughout the day. 11 Within coed schools that place students in mixed-gender classes, this process through which students are allocated to classrooms and idiosyncratic variation in cohort gender composition provides additional variation in the share of students that are female in a given classroom.
Finally, many factors that would be considered endogenous in other settings, such as curriculum and school funding, are held constant across districts, schools, and classrooms. All Seoul area elementary schools are coed with coed classrooms; middle school is the first opportunity for students to be exposed to single-sex instruction. All Korean middle schools use the national curriculum and the length of academic year does not vary. Schools are centrally financed, resulting in equal funding across schools. Nationwide, teachers are subject to the same qualification requirements and salary schedule.
The one dimension along which schools may differ is whether a school was historically established by a public or private entity. However, "private" schools do not charge tuition, participate in the random assignment process, are publicly funded, and use the national curriculum. Private schools have more discretion over teacher hiring and firing, conditional on the national qualification requirements, but no discretion over teacher pay or benefits. Public school teachers are randomly assigned to schools for approximately five year periods. Due to the fact that schools that were established by a private entity are more likely to be single-sex,
we will control for this characteristic, as well as the characteristics of teachers, to show that our estimated impacts of single-sex education are not driven by differences between public and private schools.
The Korean Ministry of Education administers the National Assessment of Educational Achievement (NAEA) each June to measure students' academic performance. All South Korean students at grades 6, 9, and 11, take NAEA tests in five subjects: reading, math, English, social studies, and science. The NAEA tests we will focus on -those given to ninth graders -are not as high stakes as the national college entrance exam. However, these tests still represent a useful proxy for students' educational attainment as the tests' content is well aligned with the middle school curriculum and a student's middle school performance determines whether he or she is admitted to a magnet high school.
12
Our focus on middle school students provides several advantages over previous research examining the impact of single-sex schooling at the high school level in Korea (e.g., Park et al. 2013; Choi et al. 2014 ).
First, assignment to high school is not completely random. Nationwide, approximately half of all Korean high schools select their students based on academic performance (Kim et al. 2008) . In Seoul, dozens of magnet high schools are exempt from the random assignment rule, and about half of school districts in our sample period allow for students to submit preference rankings over their high school assignment. Therefore, the students subject to random assignment are not representative sample of the population in Korea or Seoul, making the estimated impact of single-sex schooling more difficult to interpret, especially given the limited available information on students' background characteristics. Furthermore, high school students endogenously select into one of two tracks (math/science or humanities/social science) at the end of their freshman year, and scores from the available performance measure (the College Scholarly Aptitude Test or CSAT) are not comparable across tracks, but can only be used to measure relative performance of students conditional on track choice. As the fraction of students who choose the math/science track varies across single-sex and coed high schools, selection bias complicates identification of gender peer effects at the high school level.
Finally, developmental psychology research suggests middle school may be an especially relevant period for examining the impacts of single-sex schooling, since differences in learning and brain development by gender are particularly pronounced. This research suggests that girls complete more of their brain development at earlier ages, and that boys and girls experience differences in the development of areas related to language versus spatial reasoning during this period (Lenroot et al. 2007; Hanlon et al. 1999 ). However, differences in brain development do not necessarily imply differences in learning (Halpern et al. 2011; Eliot 2013) . The onset of puberty leads to differences in hormone levels and behavior. Even in the absence of meaningful physiological differences, adolescence is a period when differences in socialization and norms experienced by boys and girls may reinforce pressure to conform to gender-specific stereotypes, resulting in differences in performance (e.g., Steele et al. 2002) . For example, Lee et al. (2014) and Booth and Nolen (2012) 12 In Seoul, about 10 percent of high schools fall into this category. These school are widely regarded as providing their students with an advantage on the national college admissions exam. For example, over 46 percent of the new enrollees in Seoul National University, considered the best college in Korea, graduated from special high schools in Korea (Ministry of Education, Press Release, June 26th, 2014).
examine students in middle schools and report gender differences in competitiveness in South Korea and U.K, respectively, which have been shown to have long-run implications for gender gaps in labor market outcomes (e.g., Gneezy et al. 2003; Niederle and Vesterlund 2007; Flory et al. forthcoming) .
Data and Sample
Our primary data set contains student-level administrative records from 2009 and 2010. We observe 9th grade students' NAEA performance in each of the five tested subjects (math, reading, English, science, and social studies). We standardize test scores to have a mean of zero and standard deviation equal to one across all students in a given year. We also construct a measure of overall achievement by standardizing the sum of a student's performance in all subjects. In addition to the test scores, we observe each student's gender, school district, class and school gender composition, and responses to survey questions measuring family background, effort, time-use, and evaluations of teachers and peers. However, the survey data offer only limited information on family background. Specifically, we only observe a student's living arrangements, which provides a rough proxy for socioeconomic status (SES) in that students living with both biological parents are more likely to come from an advantaged family (Park 2014). Finally, we supplement our data with a separate school-level dataset called the Korea Education & Research Information Service (KERIS) provided by the Korean Ministry of Education. For each year, the KERIS includes school-level characteristics, such as student-teacher ratios, whether a school was established by a private entity, teacher characteristics, number of bullying incidents and transfers.
Characteristics of schools and students
We limit our sample to students enrolled in a Seoul metropolitan area school. Students in Seoul are not allowed to express their preference rankings over schools within their school districts, while in some other regions, students' preference rankings are used in middle school assignment. We further restrict our sample to students in districts that contain all four types of middle schools (e.g., single-sex male and female schools, coed schools with mixed-gender classes, and coed schools with single-sex classes). Eight of the 11 Seoul-area school districts contain coed, single-sex male, and single-sex female schools.
13 We limit our analysis to these eight districts, which contain 280 schools representing 76 percent of all schools and 77 percent of students in Seoul.
14 Table 1 displays the characteristics of students and schools in our sample. As shown in Panel A, the 13 Two districts do not contain either single-sex male or single-sex female schools and one district that does not contain coed schools with single-sex classes.
14 Our estimates are robust to using the full set of Seoul schools and students (available upon request).
average class size, share of teachers with experience, and student to teacher ratios are quite similar across the Female students earn higher test scores than males in every subject and in each type of school. Across student gender, students attending single-sex classrooms within coed schools have the lowest average performance. Male students in single-sex schools outperform male students in all other settings, whereas female students in single-sex schools and those in coed classrooms have similar performance. An F-test rejects the hypothesis that test scores are equal across school types with p < 0.001 for both genders. As shown in Figure 1 , while the distribution of test scores are similar for female students in single-sex schools and coed classrooms, the performance of male students in single-sex schools dominates that of male students in coed classrooms at almost every part of the distribution.
Modeling Gender Composition and Student Achievement
School and class gender composition may affect a given student's achievement through several channels.
First, peer gender composition may indirectly affect student achievement by inducing students and their parents to alter their inputs (e.g., Epple and Romano 2011 16 Schools with more than 20 percent of their students receiving NAEA scores below the threshold for "basic understanding" in 2009 were eligible for this program, which provided support (e.g., monetary transfers, additional teachers' aides) in 2010. When we limit our sample to only contain 2009 observations, our results remain qualitatively the same, suggesting our estimated impacts of school and classroom gender composition are not driven by differences in receipt of the government subsidy in 2010 (available upon request). US), and higher ability peers generate positive externalities, an increase in the share of classmates that are female may make it easier for a given student to master his or her coursework. In our setting, we can rule out this channel in mixed-gender classes, as classrooms are balanced in prior achievement of students.
Conditional on classroom gender composition, school gender composition may still matter if students interact with other students in different classrooms through school-level extracurricular activities. However, withinschool interactions between students in different classrooms are quite limited in Korea. For example, Lim et al. (2009) show that less than 15 percent of middle school students participate in an extracurricular club, with participants interacting approximately once per week. Only 13 percent of middle school students join a student board, which meets, on average, only once per quarter.
Finally, beyond the channels discussed above, school and class gender composition may affect student achievement if teachers adjust their behavior in response to their students' gender composition. Korean teachers report that male and female students often react differently to the same teaching style (Chung et al. 2009 ). As an example, Jung and Chung (2005) report that male elementary and middle school students have more in-class interactions with their teachers and are more likely to ask questions and respond to questions posed by teachers. In addition, teachers may use different discipline methods depending on gender composition. Male and female students report differences in both their experiences of within-school disciplinary methods and their support for certain discipline methods. Male students in Korea are more likely to report experiencing corporal and verbal punishment and undergoing inspection of their personal belongings and appearance compared to female students, but male students are also more likely to report supporting stricter discipline methods (Mo and Kim 2009).
17 Schools may also adjust inputs in response to student gender composition, such as adopting different curricula or hiring different teachers. In our setting, schools have limited ability to adjust such inputs.
The remainder of this section presents our empirical framework for identifying the impact of peer gender composition on student's achievement and other outcomes, including many of the student, parent, and teacher responses we describe above. We then discuss our method for decomposing the impact of peer gender composition on achievement into direct peer effects and indirect effects that occur through changes in student and teacher inputs. Finally, we present evidence supporting the validity of our identification strategy.
Empirical framework
Under the identifying assumption that within a given district, students are randomly assigned to schools and classes, ordinary least squares regressions of test scores on school and classroom gender composition and district fixed effects should generate causal estimates of the average impact of single-sex schooling on student achievement. Our estimates of gender peer effects will include both direct peer effects and indirect effects that are driven by changes in teacher and student effort. To examine the impact of extensive margin variation in peer gender on student achievement, we estimate:
Where A icst represents the achievement of student i assigned to class c in school s and year t, SS interaction between an indicator for whether a student belongs to a single-sex class within a coed school and an indicator for whether the student has gender g. Therefore, the omitted category for school and classroom gender composition is mixed-gender classes within coed schools. X it is a vector of indicators for student living arrangements (e.g., both biological parents, single mother, other relative), which proxy for socioeconomic status, and Z st is a vector of school-specific characteristics.
18 Even though we expect most of these characteristics to be orthogonal to peer gender composition, we include them in our main specifications to reduce residual variation. All student and school control variables are fully interacted with student gender.
Finally, we include a set of district by student gender and year by student gender fixed effects. Standard errors are clustered within school by year cells to account for correlation of error terms within a given school and year.
Our second model examines the role of gender composition of mixed-gender classes in coed schools:
Where F racF emale g cst represents the share of classmates that are female interacted with an indicator for whether a student is gender g, standardized to represent deviations from a class with an equal share of male and female students. We use variation in classroom gender composition, rather than cohort gender composition (as in Hoxby (2000) and Lavy and Schlosser (2011)), for two reasons. First, in our setting, students do not have any choice over their classroom assignment, and students spend most of their time with their 35 classmates throughout an academic year. Second, since class size is capped at 35, there is a greater degree of variation in the share of female students in a classroom than the share within a school. However, our estimates are quite similar when we use cohort gender variation instead (available upon request).
To jointly estimate the impacts of within-and across-school and class variation in gender composition, we combine equations (1) and (2):
In this case,α g will represent the estimated impact of moving a student of gender g from a coed classroom with an equal share of male and female students to a single-sex school,β g will represent moving the student to a single-sex classroom within a coed school, andδ g will represent the estimated impact of a marginal increase in the share of students in a coed class that are female, relative to a class with an equal share of male and female students.
The above estimates encompass the overall effects of peer gender on student achievement that may occur through the multiple channels described at the beginning of this section. To understand the mechanisms behind these effects, we use the three models to examine the extent to which students and teachers adjust their inputs in response to peer gender composition. Furthermore, we conduct decomposition exercises by examining the extent to which the achievement gap between single-sex and coed schools decreases once we control for student and teacher inputs. For example, if differential effort by students within coed and singlesex schools drives the achievement gap between male students in these schools, then we should estimate a smaller achievement gap once we control for student effort in (3).
Evaluating the assumption of within-district random assignment
Before presenting estimates of the impact of school and classroom gender composition on student outcomes, we provide two pieces of evidence in support of our identifying assumption of within-district random assignment. First, we find no systematic differences in students' family background across school types. Using student survey data, Lee et al. (2014) show that within a given district, assignment to single-sex schools is uncorrelated with household income, family composition, and parental education. Unfortunately, our dataset only contains a subset of these predetermined student characteristics. We test whether a student's living arrangement is correlated with assignment to a particular type of middle school. Living arrangements serve as a proxy for student SES in that high SES children are more likely to live with both of their biological parents whereas lower SES children are more likely to live with a single parent (Park 2014). As shown in Table 2 , the probability of living with a single parent or with both biological parents is uncorrelated with classroom and school gender composition. Only one of the 18 point estimates is statistically significant, and suggests that male students in single-sex schools are slightly more likely (1 percent) to be living with both biological parents. However, we cannot reject that the correlation between school and classroom gender composition and the probability of living with both biological parents is jointly equal to zero (p = 0.44).
Nonetheless, we control for student living arrangements in our main specification.
Second, we provide evidence that, for the vast majority of students, initial random assignment to a particular school type is binding. We use school-level KERIS data, and examine the number of students (in grades 7 through 9) who leave a school (quit) or migrate to another school district (transfer). KERIS does not contain separate measures of these outcomes by grade or by student gender. Therefore, we only compare aggregate outcomes in single-sex and coed, single-sex classroom schools relative to coed schools with mixed-gender classrooms. To do so, we estimate a model with school-type indicators, school characteristics, and year and district fixed effects:
We do find evidence of significantly lower, albeit quite small in magnitude, quit and transfer rates within single-sex schools. Column (1) of Table 3 shows that on average, 17 of every 1000 students quit in a given year, leaving their assigned school, but not enrolling in a different school. Single-sex schools have 5 fewer quits per 1000 students. The average single-sex middle school has approximately 780 students, with 260 students in 9th grade. Even if all of the quits came from 9th grade, this would only imply a 4 student (2 percent) reduction in quits relative to other school types. As shown in column (2), estimated impacts on transfer rates out of single-sex male schools are of a similar magnitude. Given this small magnitude of transfers and quits, it is unlikely that endogenous quits and transfers would mitigate the initial random assignment within school districts.
Impacts of Peer Gender on Achievement
We first compare the outcomes of students in coed schools to those of their counterparts in single-sex classrooms and single-sex schools in order to examine the impact of extensive margin variation in school and classroom gender composition on student achievement. Table 4 displays estimates from (1). Our first specification includes only year and school district fixed effects (fully interacted with gender). Estimates from this model suggest that assignment to a single-sex school increases male students' achievement by a statistically significant 0.14 of a standard deviation, relative to coed school assignment, and by one-fifth of a standard deviation, relative to assignment to a single-sex classroom within a coed school. Our second specification, which controls for students' living arrangements, produces similar results.
In our third and preferred specification, we add controls for school characteristics. The estimated impact of assignment to a single-sex school relative to assignment to a coed classroom on male students' achievement increases to 0.17 of a standard deviation. Furthermore, male students in single-sex schools score more than one-quarter of a standard of a deviation higher than their counterparts in single-sex classrooms within coed schools. Finally, male students assigned to single-sex classes in coed schools score an approximately onetenth of a standard deviation lower than male students in mixed-gender classes. None of our specifications yield significant estimates of the impact of peer gender on female students' achievement. For the remainder of the paper, we report results from models similar to our third specification that include district and year fixed effects and controls for school and student characteristics, all fully interacted with gender.
Next, we investigate whether the impact of gender-segregated education is driven by impacts on achievement in specific subject areas. We examine students' performance on reading, English, math, science, and social studies tests. As shown in Table 5 , we find no evidence that female students' performance depends on school or class gender composition in any subject except for English, where female students in coed schools with single-sex classes score approximately one-tenth of a standard deviation lower than female students in fully coed classes. Conversely, in every subject, male students in single-sex schools outperform their counterparts in coed schools, scoring between 0.13 and 0.17 of a standard deviation higher than boys in coed classes and 0.21 to 0.28 of a standard deviation higher than male students in single-sex classes. Finally, male students in single-sex classes within coed schools perform worse than their counterparts in coed classrooms in every subject, although our estimates are only statistically significant in the case of reading, English, and science.
In Table 6 , we turn to examine whether variation in the share of classmates that are female affects the performance of students in mixed-gender classes, limiting our sample to students enrolled in coed schools with mixed-gender classrooms. We estimate that male students' achievement is increasing in the share of their classmates that are female in every subject. A 10 percentage point increase in a male student's share of classmates that are female results in an approximately 0.04 standard deviation increase in overall achievement and a 0.03 to 0.04 standard deviation increase in achievement across subjects, on average. Conversely, we do not find a statistically significant relationship between female students' achievement and the share of their classmates that are also female expect in the case of science, although for every subject, our point estimates are positive.
19 19 We also estimate models that include school fixed-effects and obtain similar results (available upon request).
Finally, we jointly estimate the impact of intensive and extensive margin variation in school and classroom gender composition via equation (3). Our results are consistent with those displayed in Tables 4 and 5, although the impact of an increase in the share of classmates that are female on male students' achievement is no longer statistically significant. Although the estimated impact of an increase in female classmates on achievement is largely insignificant (except in the case of male students' social studies performance) our 95 percent confidence intervals include impacts estimated by Hoxby (2000) .
20
Our estimates suggest that the impact of single-sex education on male students' achievement varies by school gender composition, with single-sex schools increasing achievement and single-sex classrooms within mixed-gender schools decreasing achievement. This suggests that the benefits of single-sex schooling for male students is not driven solely by within-class gender peer effects. Male students assigned to single-sex classes in coed schools have few opportunities interact with students outside of their own class. If boy students are more likely to be disruptive, as Lavy and Schlosser (2011) hypothesize, then single-sex male classes should lead to negative impacts on achievement in both single-sex and coed schools.
We formally test the hypothesis that that students' achievement gains are linear in the share of classmates that are female; p-values from these tests are displayed in Table (7) . We cannot reject the hypothesis that the impact of assignment to a single-sex class is equal to the predicted impact of assignment to a coed class with no female students (p = 0.152 for female students and p = 0.855 for males). In other words, the outof-sample prediction of the average impact of moving a male student from a classroom with an equal share of male and female students to an all male classroom within a coed school is consistent with our estimate of the impact of assignment to an all male classroom in a coed school. Conversely, we can reject the hypothesis that male students' assignment to a single-sex school is equivalent to this out-of-sample prediction with p = 0.002, suggesting that school gender composition affects male students' achievement above and beyond impacts driven by in-class peer effects. 
Alternative outcome measures
Although test scores are generally the preferred measure of student achievement, other studies have found that standardized test scores are subject to gaming behavior. Additionally, test scores cannot measure a student's own assessment of whether he or she has a deep understanding of course material. Thus, we use 20 The estimates from Hoxby (2000) imply that a 10 percentage point increase in the share of classmates that are female increases sixth grade female students' achievement by approximately 0.012 of a standard deviation in reading and 0.017 of a standard deviation in math. A similar increase in female classmates increases sixth grade male students' achievement by 0.012 of a standard deviation in reading and 0.02 of a standard deviation in math.
21 Hoxby (2000) finds evidence of nonlinear gender peer effects, where the impact of a marginal increase in the share of students that are female is larger for cohorts with a high share of female students. Several other papers provide evidence against peer effects that are linear in average peer achievement, including Hoxby and Weingarth (2005) , Ding and Lehrer (2007) , Lavy et al. (2012) , Burke and Sass (2013) , and Carrell et al. (2013) . students' reports of how well they understand lectures as an alternative outcome variable. We create a dummy variable that is equal 1 if a student reports that he or she can understand lectures very well and 0 otherwise. As shown in column (1) of Table 8 , consistent with our estimated impacts on test scores, male students in single-sex schools are significantly more likely to report understanding lectures than those in single-sex or coed classrooms in coed schools (between 2 and 3 percentage points or 12 and 16 percent, respectively). Female students' assessments of lecture comprehension do not significantly depend on peer gender composition.
Second, test scores may not fully encompass all aspects of student welfare. Our data contains a survey question measuring whether students are happy to go to school. We use this measure to examine the relationship between reported happiness and peer gender composition. As shown in column (2) of Table   8 , male students in single-sex schools are 3 percentage points (14 percent) less likely to report that they are happy to go to school compared to male students in coed classrooms. However, boys in coeds with gender-segregated classes also report unhappiness comparable to boys in single-sex schools. These findings suggest that the negative impact of an all male classroom on happiness is likely not driven by factors that lead to test score increases.
The impact of peer gender on the distribution of student achievement
Before further exploring the channels through which peer gender affects achievement, we investigate whether single-sex schooling differentially affects the achievement of students at different points in the ability distribution. We estimate separate models by student gender and take the residuals from a regression of student achievement on our full set of student-and school-level controls, and year and district fixed effects. In contrast to our results thus far, we do find evidence that peer gender composition matters for female students with low to medium achievement (Panel A). Above the 80th percentile of achievement, female students in all three school types have similar performance, but below this point, female students assigned to mixed-gender schools with single-sex classes have slightly lower achievement than female students in other schools. The cumulative distribution of female students' achievement within single-sex schools and fully coed schools are statistically indistinguishable, with a Kolmogorov-Smirnov (K-S) test of equality yielding a p-value of 0.891. We can reject the hypothesis that the distribution of female students' achievement is equal between coed schools with single-sex classes and other school types (p < 0.001). However, differences in achievement between these school types are small. For instance, at the 40th percentile of achievement, female students in coed classrooms score approximately 0.01 of a standard deviation higher than female students enrolled in single-sex classes within coed schools.
As shown in Panel B, assignment to a single-sex school appears to have larger impacts on performance for male students at the middle and bottom of the achievement distribution. Although we find little evidence of differences in the achievement of male students in single-sex schools compared to those in coed classes above the 70th percentile, male students in single-sex classes within mixed-gender schools perform worse than other male students at every point in the achievement distribution. A K-S test rejects the equality of male students' achievement distributions across school types with p < 0.001. To give an example, at the 30th percentile of achievement, male students in single-sex schools score approximately 0.3 of a standard deviation higher than male students in single-sex classrooms within coed schools and approximately 0.1 of a standard deviation higher than those in coed classrooms.
Evidence on Mechanisms
Although our setting allows us to rule out many school-and class-level policies that vary with student gender composition, our estimated impact of peer gender composition on achievement will still encompass both direct peer effects and indirect effects that operate through impacts on student and teacher effort. To test for the importance of indirect peer effects, we use survey data containing measures of reported effort, time use, and perceptions of teacher and peer effort. 
Impacts on students' own effort and time-use
To test whether students' own effort responds to the gender composition of their peers, we create a summary measure of effort using students' responses to several survey questions. Specifically, we sum students' responses to six individual survey questions that ask students to assess how often they come to class prepared, are focused on in-class lectures, study class material in advance, review class material after school, ask questions in class, and actively participate in class. We standardize this composite effort index to have a mean equal to zero and a standard deviation of one. Single-sex schooling leads to substantial increases in male students' effort (Table 9 ). Male students in single-sex schools report effort that exceeds that of male students in coed classes by half of a standard deviation. Furthermore, their effort is almost one-third of a standard deviation higher than the effort reported by their counterparts enrolled in single-sex classes in coed schools. We find little evidence that single-sex schooling systematically alters female students' effort.
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22 Appendix A provides a detailed description of the student survey and construction of the outcomes we examine. 23 Appendix Table B .2 presents estimated impacts on the components of our composite effort measure. For male students, assignment to a single-sex school increases probability of coming to class prepared by 6.3 percentage points (23 percent) relative
The second two columns of Table 9 show the increases in reported effort for male students assigned to single-sex schools are matched with changes in how these students devote their time to academic and leisure activities. Students are surveyed on the time they devote in a given day specific activities, which we group into two broad categories. Specifically, we classify homework and extracurricular tutoring ("cram school") as "academic" activities and watching TV, playing computer games, and hanging out with friends as "leisure" activities. We estimate that male students in single-sex schools spend an additional 12 minutes per day (hour and fifteen minutes per week) on academic activities compared to their peers in coed classes with an equal share of male and female students. Compared to male students in single-sex classes within coed schools, students in single sex schools spend an additional 18 minutes day (close to 2 hours per week) on academic activities.
24 Within coed classrooms, the time that male students devote to these academic activities is not significantly related to the share of their classmates that are female and female students' time use is not significantly related to the gender composition of their peers.
Turning to leisure activities, we estimate that the increase in time that male students in single-sex schools spend on academic activities is more than offset by a reduction in time spent playing computer games, watching TV, and hanging out with friends. These students spend approximately 0.3 fewer hours per day (2 fewer hours per week) on leisure activities compared to male students in coed classes. Compared to male students in single-sex classes within mixed-gender schools, these students spend close to 0.4 fewer hours per day (2.5 fewer hours per week) on leisure.
25 Once again, we find little systematic evidence that female students' time use varies by classroom or school gender composition.
to assignment to a coed class and by 4 percentage points (15 percent) relative to assignment to a single-sex classroom within a coed school. Male students in single-sex schools are 2.7 percentage points (19 percent) more likely to report being focused on lectures relative to male students in coed classes and schools and 2.8 percentage points (7 percent) more likely to report reviewing class material after school compared to their counterparts in coed classrooms. Male students in single-sex schools are significantly more likely to report asking questions in class compared to those in coed classes (5.4 percentage points or 17 percent) and single-sex classrooms (1.9 percentage points or 6 percent). Finally, single-sex schooling leads to a 2.5 percentage point (17 percent) increase in the probability that male students report actively participating in class relative to assignment to a coed school. Female students in single-sex classes are significantly less likely to come to class prepared relative to those in coed classes, and within coed classes, female students are less likely to report being prepared when they have more female classmates. Female students also report being more comfortable asking questions within single-sex schools and single-sex classes within mixed-gender schools. 24 In Appendix Table B .3, we report estimates of the impact of peer gender composition on time spent in each activity. Male students in single-sex schools spend an additional 0.06 hours per day (25 minutes per week) on homework, relative to those in coed classes with an even split of male and female students. Compared to their counterparts in such students spend 0.12 additional hours per day (50 minutes per week) in "cram school" compared to their counterparts in coed classes and an additional 0.21 hours per day (1.5 hours per week) in extra-curricular tutoring than male students in single-sex classrooms in coed schools.
25 Male students in single-sex schools spend 0.1 fewer hours per day (42 fewer minutes per week) than those in coed classrooms playing computer games and 0.07 fewer hours per day (30 fewer minutes per week) relative to those in single-sex classrooms in coed schools (Appendix Table B. 3). Male students in single-sex schools spend 0.1 fewer hours (45 fewer minutes per week) playing computer games compared to their counterparts in single-sex classes. The difference in time spent with friends for male students in single-sex schools versus those in coed classes is 0.12 hours per day (52 minutes per week). Male students in single-sex schools spend 0.11 fewer hours per day with friends compared to those in single-sex classrooms within coed schools. Among female students, none of the time-use categories we examine are significantly related to peer gender composition.
Impacts on student interactions and teacher inputs
Our dataset includes a small set of variables that provide information on interactions between students.
The first measures students' views of whether their classmates study hard. We create an indicator variable that is 1 if a student considers his/her classmates study hard and 0 otherwise (see Appendix A for details) and examine the impact of peer gender on the indicator by estimating equation (3). As shown in column (1) of Table 10 , female students in single-sex schools are 13 percentage points (20 percent) more likely to report having hard working classmates than their counterparts in single-sex classes within coed schools. Male students in coed schools with single-sex classrooms are approximately 10 percentage points (15 percent) less likely to report having peers that study hard than male students in mixed-gender classes and male students in single-sex schools. In coed schools with mixed-gender classes, both male and female students with more female peers are significantly more likely to report having hardworking peers. This finding is consistent with the hypothesis that male students are more disruptive than female students (e.g., Lavy and Schlosser 2011).
26
Our data does not provide the information directly measuring teachers behavior. However, one survey question asks students to assess whether their teachers "teach well". 27 We test whether students' assessments of teaching quality systematically varies by school and classroom gender composition. As shown in column (2) of Table 10 , perceived teaching quality is not significantly related to class or school gender composition, which suggests that teachers provide instruction that is comparable in quality across schools.
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Decomposition exercise
This subsection examines relative importance of student, teacher, and peer inputs in explaining the impact of school and classroom gender composition on achievement. We estimate equation (3) and include an additional set of controls corresponding to each mechanism. Consider the 0.154 of a standard deviation achievement gap between male students in single-sex schools and those in coed schools with mixed-gender classrooms. As shown in column (1) of Table 11 , when we control for students' time-use, the gap falls to 0.085 of a standard deviation, a 44 percent reduction compared to our baseline result. When we control 26 We also examine impacts on bullying incidents using school-level KERIS data. The number of incidents is rare -across all schools, fewer than 4 out of 1000 students report being bullied. This rarity is because the KERIS only collects bullying incidents, serious enough to be reported to schools. As shown in Table B .3, we estimate that single-sex schooling reduces the number of male students bullied by approximately 1.1 per 1000 (an approximately 30 percent reduction at the mean) and female students by 1.4 per 1000 (an approximately 40 percent reduction). Single-sex classrooms within coed schools lead to a reduction in bullying of 0.5 per 1000. However, none of these estimates are statistically significant. 27 The specific expression this question uses can be interpreted as both "teach skillfully" and "teach with enthusiasm." 28 Even though teachers are equivalent in terms of their lecture quality, they may still influence on students' achievement by encouraging students to complete their homework, bring textbooks to school, and focus their attention during class. As shown in Appendix Table B .1, male students in single-sex schools are more likely to report coming to class prepared and being focused on lectures. Although we categorized these behaviors as measuring student effort, they may also represent, in part, differences in teacher inputs across different school types.
for student effort (column (2)), the achievement gap falls to 0.110 of a standard deviation, a 28 percent reduction compared our the baseline result. Conversely, as shown in columns (3) and (4), controlling for students' perception of peer and teacher effort does not explain any of the the achievement gap between male students in single-sex schools and coed classes. When we include all measures of student effort (column (5)), the achievement gap between male students in single-sex schools and those in coed classes becomes insignificant at conventional levels.
In contrast, the achievement gap between male students in single-sex classes within coed schools and male students assigned to a coed class with an even share of male and female students barely changes from our baseline estimate even when we control for student, teacher, and peer inputs. Similarly, we find no systematic changes in the estimated impact of peer gender on females students' achievements as we control for these inputs. Taken together, the results from our decomposition exercise suggests that single-sex schools primarily improve male students achievement by inducing higher effort and time devoted to academic activities, rather than through differences in teacher quality or positive spillovers due to harder-working peers.
Evaluating alternative explanations for the impact of single-sex schooling on male students' achievement
Thus far, we have shown male students who enroll in single-sex schools consistently outperform male students in other schools. Furthermore, we show that one channel through which single-sex schooling increases male students' achievement may be by increasing these students' effort and the amount of time they spend on academic-related activities. However, we still need to rule out alternative explanations for these findings. As shown in Table 1 , single-sex schools are more likely to be private. Furthermore, single-sex schools serving male students have more male teachers. The latter is likely due to the fact that schools that were privately founded have more discretion over which teachers they hire, even though they cannot deviate from the national qualification requirements and pay guidelines. These observed efforts to employ more male teachers is consistent with research suggesting that students may learn more when matched to a teacher of the same gender.
29
We first test whether the impact of school and classroom gender composition varies by whether a school was established by a private entity. To do so, we estimate equation (1), and interact school type with an indicator for whether the school was privately founded. We examine impacts of peer gender composition and interactions with enrollment in a private school on student achievement, effort, time-use, satisfaction, and teacher effort (Table 12) .
30 For male students, enrollment in a private school status does not significantly interact with peer gender composition. The one exception is that male students in single-sex private schools are less likely to report understanding class lectures compared to their counterparts in single-sex public schools. Thus, the increased likelihood that single-sex schools were privately founded cannot explain the increases in male students' achievement that these schools produce. However, among female students enrolled in single-sex classes within a coed school, we find significant interactions between private school status in the case of their effort, time spent on leisure activities, perceptions of teaching quality, and satisfaction with school.
Next, we test whether the larger proportion of male teachers employed by all-male schools contributes to the positive impact of single-sex schooling on male students' effort and achievement. We estimate equation
(1), and fully interact school type with the share of teachers that are female (standardized such that zero represents a school with an equal share of male and female teachers). As shown in Table 13 , we find a positive relationship between the concentration of male teachers and male students' achievement in singlesex schools. 31 However, the share of teachers within a school that are female has an overall positive impact on student achievement, and taking into account these offsetting effects, the fact that male-only schools have fewer female teachers can explain very little of the difference in male students' achievement between coed and single-sex schools. For instance, a linear prediction of male students' achievement gains from assignment to a single-sex school (relative to assignment to a coed class within a coed school), assuming that only 20 percent of the teaching force is female, is 0.22 of a standard deviation. When the share of teachers that are female is increased to 80 percent, we predict that male students in single-sex schools still experience a 0.20 standard deviation increase in achievement. In fact, even if male students in single-sex schools had a 100 percent female teaching force, these students would still score 0.19 standard deviations higher than their peers in coed classrooms. The remainder of Table 13 examines impacts on our index of student effort, hours spent on academics and leisure, teacher effort, and student satisfaction. We find little evidence that the impact of single-sex schooling on male students varies by teacher gender for any of these outcomes, suggesting that the impact of single-sex male schools on achievement is not solely through these schools' ability to hire more male teachers.
30 Appendix Table B .4 repeats this exercise, looking at performance on specific subject tests. 31 Appendix Table B .5 presents results from models examining the impact of teacher gender interacted with peer gender on students' achievement in specific subjects.
Conclusions
Past research identifies one of the main channels through which gender composition affects learning as increased disruptions in male-concentrated classrooms (Lavy and Schlosser 2011). Our estimates of the impact of additional female students within coed schools in Korea on achievement are consistent with these findings. However, the large achievement gap between male students in single-sex schools and those in single-sex classrooms within coed schools suggests that within-class peer effects are unlikely to completely drive our results. We find that male students' achievement is maximized by assignment to a single-sex school, and minimized by assignment to a single-sex class within a mixed-gender school. We also provide suggestive evidence that one channel through which single-sex schools affect male students' achievement is through increasing students' effort and time devoted to academic tasks. We can rule out differential teacher gender composition and school organization as explanations for differences in outcomes by school gender composition. The channels that remain are the use of different instruction technology by teachers and administrators and different expectations placed on students by parents and teachers in single-sex settings.
We can only indirectly examine expectations and instruction technology using information from student surveys. However, our results are consistent with a model where teachers in all-male schools may develop specialized teaching techniques to deal with disruptions, while teachers that instruct both male and female students, even in a setting with single-sex classes, have a harder time specializing. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01. All regressions include gender, year, and school fixed effects, all fully interacted with gender. "Other relatives" category includes grandparents, siblings, single father, and all other relatives. Notes: Sample includes schools that report information to KERIS. Dependent variables represent outcomes for all students in grades 7 through 9. Each column represents a separate regression. Robust standard errors, clustered by school district, in brackets; * p<0.10, ** p<0.05, *** p<0.01. Both regressions include district fixed effects and controls for: number of classes, average students per class, number of teachers, fraction of experienced teachers, fraction of teachers belonging to a union, fraction of teachers that are female, pupils per teacher, and whether the school was founded by a private entity Student controls X X School controls X Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01. All regressions include district by gender fixed effects and year by gender fixed effects and gender main effects. Individual controls include indicators for living arrangement (both biological parents, single mother, single father, grandparents, other relatives, or other adults), interacted with student gender. School controls include: number of classes, average students per class, number of teachers, fraction of experienced teachers, fraction of teachers belonging to a union, fraction of teachers that are female, pupils per teacher, and whether the school was founded by a private entity, all interacted with student gender. Dependent variable represents the sum of reading, English, math, science, and social studies test scores, standardized to have a mean of zero and standard deviation equal to one. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table  4 notes. All test scores standardized to have a mean of zero and standard deviation equal to one. Notes: For sample, see Table 1 notes. Sample limited to students attending coed schools with coed classrooms. Estimates represent the impact of increasing the share classmates that are female, relative to an even split between female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. All test scores standardized to have a mean of zero and standard deviation equal to one. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. Combined achievement is the sum of test scores in all subjects, standardized to have a mean of zero and standard deviation equal to one. All subject scores standardized to have a mean of zero and standard deviation equal to one. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01.
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For description of individual and school controls, see Table 4 notes. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. The effort index represents the sum of the students responses to whether they (1) come prepared to school, (2) are focused on lectures, (3) study class materials in advance, (4) review class material after school, (5) ask questions in class, and (6) Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. Table 1 notes. Dependent variable is combined achievement across subjects. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered at school by year level, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. Additional controls include student time spent on academic activities, student effort, peer inputs, and teacher inputs. See Table 9 and Appendix A for a description of the student time-use and effort measures. See Table 10 and Appendix A for a description of the teacher and peer input measures. Notes: For sample, see Table 1 notes. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01.
For description of individual and school controls, see Table 4 notes. Regressions also include controls for whether a school is private, fully interacted with gender, and an interaction between private school status and an indicator for single-sex school. Notes: For sample, see Table 1 notes. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01.
Share teachers female denotes the fraction of teachers in a given school and year that are female, standardized such that zero indicates an equal share of male and female teachers. For description of individual and school controls, see Table 4 notes. Regressions also include controls for the share of teachers that are female, fully interacted with gender, and an interaction between the share of teachers that are female and an indicator for single-sex school. Table 1 notes. Cumulative distribution of residual achievement (from regressions of achievement on student controls, school controls, and year and district fixed effects, separately estimated by gender). Kolmogorov-Smirnov test of equality of distributions for female students (p-value): single-sex school = coed school with coed classes: p = 0.891; coed school with single-sex classes = coed school with coed classes: p < 0.001; single-sex school = coed school with single-sex classes : p < 0.001. Kolmogorov-Smirnov test of equality of distributions for male students (p-value): single-sex school = coed school with coed classes: p < 0.001; coed school with single-sex classes = coed school with coed classes: p < 0.001; single-sex school = coed school with single-sex classes : p < 0.001.
A Data Appendix
Our primary data source comes from the Korean Ministry of Education and contains National Assessment of Educational Achievement (NAEA) test scores for all ninth grade students. Students are tested in reading (Korean), math, English, science, and social studies. This data set also contains information from a survey that students complete regarding their time use and experiences in school. We also use school-level administrative data from the Korean Education and Research Information Service (KERIS). KERIS contains information on bullying, student exits, and a limited set of school and teacher characteristics.
A.1 NAEA Tests
All South Korean students at grades 6, 9, and 11, participate in the NAEA in June of each year. The NAEA was introduced in 1998 and was initially administrated to a subset of schools based on sampling and then expanded to all schools from 2008. By law, summary statistics of a school's performance at the NAEA is publicly available at the school's website and that of the Ministry of Education. For each subject, we standardize students' score to have a mean of zero and standard deviation equal to one. We construct a measure of overall achievement by summing raw scores across all five subjects and standardizing to have a mean of zero and standard deviation equal to one.
A.2 Student Survey
Our measures of student effort are derived from survey questions which ask students to choose one of four options (strongly disagree, disagree, agree, or strongly agree) in response to a statement. Students were classified as coming to class prepared if they strongly agreed with the statement "I bring textbooks, homework, and materials related to classes to school." Students were classified as being focused on lectures if they strongly agreed with the statement "I concentrate on what teachers say during classes." Students who studied material in advance were those who strongly agreed or agreed with the statement "I study textbook materials in advance to get ready for school lectures." Students who reviewed after school strongly agreed or agreed with the statement "I study the lecture materials I learned during the day." Those who asked questions during class indicated that they strongly agreed or agreed with the statement "I ask questions to teachers during the class or right after the class." Active participants were students who strongly agreed with the statement "I actively participate in classroom activities -e.g., science experiment, discussions, group activities." Our composite student effort index is constructed by summing students responses to each of the above six measures, standardized to have a mean of zero and standard deviation of one. Measures of student time use are derived from survey questions which ask students to chose one of five categories of time use for the specified activity. We convert these categories into a continuous measure of time use: "0 hours" is coded as 0, "between 0 and 1 hour" is coded as 0.5 hours, "between 1 and 2 hours" is coded as 1.5 hours, "between 2 and 3 hours" is coded as 2.5 hours, and "3 or higher" is coded as 3.5
hours. Tables A.2 and A.3 display the distribution of student responses to these questions by school and class gender composition.
Our measures of classmate and teacher inputs come from survey questions where students choose one of four options (strongly disagree, disagree, agree, or strongly agree) in response to a statement. We classify a student as indicating that his/her classmates study hard if he or she strongly agrees or agrees with the statement "the students in my school study hard in general." A student is classified as indicating his/her high teaching quality if he/she strongly agrees with the statement "my teachers [homeroom and subject teachers] teach skillfully/with enthusiasm." Likewise, our alternative measures of student outcomes come from survey questions where students choose one of the same four options. A student is classified as understanding lectures if he/she strongly agrees with the statement "I can understand the textbook materials with classroom lectures (without additional help from cram school)." Finally, a student is considered to be happy to go to school if he/she strongly agrees with the statement "I am happy to go to school." Table A .4 displays the distribution of student responses by survey question and school type. Notes: Sample includes schools that report information to KERIS. Dependent variable is the number of bullying incidents reported by all students in grades 7 through 9. Each column represents a separate regression. Robust standard errors, clustered by school district, in brackets; * p<0.10, ** p<0.05, *** p<0.01. Both regressions include district fixed effects and controls for: number of classes, average students per class, number of teachers, fraction of experienced teachers, fraction of teachers belonging to a union, fraction of teachers that are female, pupils per teacher, and whether the school was founded by a private entity Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. Notes: For sample, see Table 1 notes. Estimates represent the impact of assignment to the specified school and and classroom gender composition relative to a coed classroom with equal number of female and male students. Each column represents a separate regression. Robust standard errors, clustered by school, in brackets; * p<0.10, ** p<0.05, *** p<0.01. For description of individual and school controls, see Table 4 notes. Time use measures represent hours per day spent on the specified activity. 
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